INTRODUCTION
Eutrophication of lake and reservoir waters is increasingly serious. Algae especially Cyanophyta and Chlorophyta reproduce excessively to form a thick layer of indigo blue lake emission obnoxious odor. Algae in drinking water supply can cause significant disturbances including taste and odor, production of disinfection by-product (DBP), obstruction to coagulation, clogging of filter, and assimilable organic carbon (AOC) for biofilm growth [1] [2] [3] . Water Bloom occurrence frequent, which make serious damage to the aquatic ecology Balance system. In recent years, numerous studies reported that animal and human diseases and even death caused by algae pollution in many countries [4] [5] [6] . Over the last two decades, harmful algal blooms (HABs) occurred more frequently in China, well in line with global trend [7] . Ingrid and Jamie [8] pointed out that different degree eutrophication are existed in 53%, 28%, 48%, and 41% respectively of lakes in Europe, Africa, North America and South America. 54% of lakes in Asian Pacific Area are under eutrophic condition. Up to now, more than 60% of the lakes in China have been eutrophicated and suffered from HABs. Cyanobacterial Microcystis aeruginosa (M.A.) is one of the dominant species of fresh water-bloom [9] . The excessive growth of toxic M.A. greatly deteriorated the water quality [10], damaged lakes' natural functions, and even threatened the drinking water resources. It has become one of the top priorities in China to develop waterbloom control techniques that are safe, highly efficient and cost effective. The development of environmental and efficient algaecide and algae control technologies, in order to control eutrophication is one of the major environmental problems needed to be solved.
A variety of algae removal technologies are developed. Several approaches, such as chemical, mechanical and biological techniques, have been studied in HABs removal of seawater systems [7] . Chemical methods which can produce immediate results, e.g. chemical algaecide, are paid less attention recently, mainly because of their adverse effects on other organisms and the expedited release of microcystins [11] [12] . Research showed that [13] the algae had a strong absorption capacity on copper ions, which was an important reason that copper ion is used for algae removal. Copper sulfate, copper citrate, and other copper compounds are the most commonly used algaecide. A large number of reports showed that algae cells can be destroyed by copper sulfate [14] . Cell shell membrane damage may cause compounds or intracellular organic matter (IOM) into the bulk water resulting in of taste and odor release [15] . So the better strategy for algae control in water treatment would be removing algae cell intact without cell rupture.
It is not reported that copper chloride be used as algae removal, although as a material of making fungicides Cu 2 OCl 2 . The reason may be of poor water-solubility, but copper chloride can be dissolved in some specific solution, for example, dissolved in concentrated hydrochloric acid to produce H 3 O + CuCl 2-
, and with halide ions to increase cogeneration of complexing ion that dissolved in water. Permanganate is frequently used as preoxidant in high algaeladen water treatment, which are served as both algaecide and flocculant aid [16] [17] [18] [19] .
Permanganates are used as algaecide and disinfectant [20] [21] , which can be provided a good effect on algae removal It is not reported that toxic and the harmful organic matters are produced during permanganate oxidation [16, 22] . Manganese copper compound algaecide is prepared by acid-soluble copper chloride and potassium permanganate in this study.
Microcystis aeruginosa is in general representative to the algae pollution of freshwater as study object. To study the This work was funded by the Project 50778003 supported by National Natural Science Foundation of China performance of algae inactivation through the static simulated experiment, in order to lay the foundation for further study the mechanism of manganese copper compound algaecide on algae killing and practical application.
II. MATERIALS AND METHODS

A. Experimental sample
Microcystis aeruginosa was obtained from Institute of Hydrobiology, Chinese Academy of Sciences, and incubated in sterilized 250-mL glass flasks containing200-mL BG 11 medium at 25 ± 1.5 ℃ under fluorescent light (3000 lx, 12-h light/12-h dark). The M. aeruginosa medium BG 11 medium component in table 1. According to concentration of chlorophyll a, algae-laden
. Microcystis aeruginosa culture a few days later increase to the logarithmic phase, taking a certain amount of concentrated algae liquid diluted by BG 11 medium. The concentration of chlorophyll a is between 50μg • L -1 and 500μg • L -1
, in order to simulate high algae-laden water, and then package one liter of algae liquid in every flask. Training two days under the same culture conditions in the incubator, and found no abnormality for the test to be used.
B. Mn-Cu reagent preparation
Reserving solution of copper reagent A: a certain amount of copper chloride powder weighted up accuracy, placed with the quantitative concentrated hydrochloric acid in the test tube shaken, acidification, to be completely dissolved, then switch to volumetric flack;
Reserving solution of manganese reagent B: A certain amount of permanganate dissolved in water to form a fixed concentration of potassium permanganate solution;
The reserving solution of A and B prepared in advance is mixed in different ratio to prepare the manganese copper compound algaecide, i.e., MCC.
C. Methods
Take a few samples prepared, dose in different ratio of MCC manganese copper compound algaecide respectively. Three bottles left without dosages, determine the average index as control. The index of supernatant are determined after dosing, in order to investigate the effect of MCC on algae removal. The value of spectrophotometry at 420nm and chlorophyll a are representative of the concentration of algae cells [24] . Spectrometric determination OD 420 and chlorophyll a by using Spectrophotometer 7205. Turbidity determined by Turb350IR, pH value determined by pH Testr 10.
It is generally believed that the algaecide with a long period of efficacy if algae cells will not re-grow after dosing 15d; otherwise, is a short effective period algaecide [25] . Base on the study of the optimum dosage ratio, the suitable ratio is selected as the experimental dosage of the MCC.All index were determined on scheduled time for more than 15d, in order to assess the effective period Length of the MCC.
III. RESULTS AND DISCUSSIONS
A. Different MCC composited ratio
• Removal effect on turbidity Turbidity removal effects are investigated at 1st, 3rd, 7th and 10th days respectively after dosing copper reagent (A) and manganese reagent (B) with ratio of 0.5:1, 1:1, 1.5:1, 2:1 and 2.5:1, compared with blank sample with no reagent dosage. The result on turbidity removal effect of MCC is shown in Fig.1 . Turbidity is decreased with increased reaction time of MCC and Microcystis aeruginosa liquid, in different ratio condition, as is shown in Fig.1 . The turbidity has little change after reaction time of one week. The minimum turbidity is appeared at the 10th days after MCC dosing at the A and B ratio of 1.5:1, while the turbidity is decreased from 27.26 NTU to 8.77NTU with removal rate of 67.82%. Because the number of algae cell in the water can be reflected with turbidity, it can be found that MCC has a good algae removal effect.
• Removal Effect on OD 420 The variation of OD 420 with different ratio of MCC dosage is described in Fig.2 . It can be seen that OD 420 value is decreased in different degree after MCC dosing. The most obvious decrease is happened at the 7 th day with the OD 420 value from 0.109 to 0.024 and the removal rate of 77.98%. The OD 420 value at the 10 th day is increased slightly compared with that at 7 th day. This phenomenon may be caused by part of died algae cell shells floating up from the bottom, or re-growth of algae cells causing the absorbance increase, which needs to be testified by further research. Chlorophyll a is an important index to evaluate the growth of algae, and removal rate of chlorophyll a can reflect the removal effect of algae. From Fig.3 it can be seen that after 7days removal rate of chlorophyll a all exceed 85%，at the 10 th day the variation of chlorophyll a removal rate tends to be low, the rates are respectively 96.77%, 97.04%, 96.35%, 96.70%, 96.74%. It can be safely deduced that MCC has a obvious removal effect on algae. The results above show that a good removal effect can be achieved when the ratio of copper A/manganese B is 0.5～ 1.5:1, but continuing to increase the dosage of A can not make a obviously better effect. As a result, the optimal ratio of copper A and manganese B is 0.5～1.5:1.
• Influence of MCC on pH As the copper reserving solution prepared is acid，it's need to study the influence on the value of pH using MCC to remove alga. Fig.4 shows the variation of pH of water sample after adding MCC, from which it is seen that algae in blank sample are at log phase, grow vigorously and release some kind of alkaloid, which can make the pH increase continuously, pH is up to 10.81 at the 10th day. After adding MCC, pH has a little decrease as the dosage of copper A rises. Only the one whose ratio is 2.5:1 has a pH<7，the others keeps at 7～8, and alike with the BG 11 culture medium. But from Fig.1, Fig.2 and Fig.3 can be found that the optimal ratio of MCC and its removal effect have no liner relationship with the variation of pH. So the variation of pH is not a key factor during the MCC removing algae. In addition, the algae cells decrease induced by algae dying making the pH tending to be neutral. So pH can be used as an indicator index during the treatment of high algae-laden water. th day with NTU 6.16 and chlorophyll a 1.048μg·L-1，the removal rate reached 77.40% and 99.48% separately. While the minimum of OD 420 (0.018) appeared at the 7 th day after the administration, then had a little rise. The reason why OD 420 would have a little rise may be that MCC lost its effect after 1 week so the residual algae cells re-grow; the other reason is that the died algae cells floating up from the bottom cause the value increase. It can also be found in Fig.5 and Fig.7 that chlorophyll a and turbidity is keeping decreasing from the 7 th to the 16 th day after the administration, that's to say MCC has a good removal effect. As a result, the re-growth of algae cells when MCC lost its effect is not the reason why OD 420 had a little rise after administrating 7d.In a word, MCC still had capability to remove algae after dosing 15d, and algae cells didn't reincrease, so MCC has a relative long effect period. Thus it can be speculated that the mechanism of MCC removing algae is probably because the permanganate oxidizing stimulating the cell wall of algae cells rather than destroy the frond. Cuprous ions dissolved in acid form complex ions; and some cuprous ions are oxidized by permanganate, generating hydrated manganese dioxide which has large specific surface area and can adsorb algae cells to sink. These complex ions and divalent enter the inside and kill cells directly. Because MCC is a newly developed algaecide, its mechanism still needs to be testified through a lot of further studies.
IV. CONCLUSIONS
MCC (composed of permanganate and cuprous chloride) has a significant removal effect on Microcystis aeruginosa, Optimum ratio of copper reagent A and manganese reagents B was 0.5-1.5:1. Removal rate of turbidity, OD 420 and chlorophyll a were 67.82%, 77.98% and 97.04% respectively during 10 days of MCC dosing.
MCC is a long effective period algaecide. Turbidity and chlorophyll a were reduced to 6.16NTU and 1.048μg • L -1 , with removal rate of 77.4% and 99.48% after MCC dosing of 16 days. pH value of water samples was reduced with increased ratio of copper reagent within MCC. When composited ratio is 0.5-1.5: 1 pH value is 7-8.
This study laid the foundation for research and development of the new algaecide. As a newly developed algaecide, MCC has broad prospects. However, a lot of research should be done to study its mechanism and application.
